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Abstract 

 

Biosurfactants are amphiphilic compounds produced by microorganisms as extracellular compounds; they 

partition preferentially at interfaces facilitating properties such as emulsification, foaming, detergency and 

dispersing on the compounds to which they are added. Because of this, they are of particular interest in the 

petrochemical industry because of their applicability in the main stages of the oil production chain, such as 

extraction (enhanced oil-recovery), transportation, storage, and use in oil pollution control. This study 

focuses on the screening of biosurfactant from two main sources: a previously constructed metagenomic 

library of microorganisms obtained from sediments from the Rio de Bogotá; and the clones product of 

directed evolution, using DNA shuffling of the OmpG protein in Escherichia coli. Measurements have 

shown that of the evaluated clones, four strains (D7, D9, E1 and J8) had improved biosurfactant activity as 

compared with Pseudomona aeruginosa (lowered 2-4 mN/m the surface tension as compared to 

Pseudomonas). They decreased surface tension by around 16-18 mN/m as compared to an emulsion without 

biosurfactants. Strains A2, D3, E6, H1, I3, I14, I16, J12, J19 and J24 also showed high activity. These had 

a surface tension of around 4-6 mN/m greater than the surface tension produced with Pseudomonas, while 

still decreasing surface tension by about 8-10 mN/m as compared to a solution without biosurfactants. The 

clones that presented little to null biosurfactant activity were B14, E4, H9 and I18. DNA shuffling resulted 

in correct amplification and fragment production. However, due to lack of DNA, reassembly was not 

possible and the libraries were not created. However, the procedure was standardized for future library 

creation. 

 

Keywords: DNA shuffling, Biosurfactant, OmpG, E. coli, Pendant drop method, Metagenomic library, 

Tensiometers, Superficial tension, Interfacial tension 

 

 

 

 

 

 

 

 

 

 



Resumen 

 

Los biosurfactantes son compuestos  anfipáticos producidos por microorganismos como compuestos 

extracelulares. Estos se encuentran en interfaces facilitando propiedades como emulsificación, espumación 

y dispersión a los compuestos a los cuales son adicionados. Por lo tanto, son de particular interés para la 

industria petroquímica por su aplicabilidad en las etapas principales de la cadena de producción petrolera, 

como en la extracción, transporte, almacenamiento y uso en control de polución. Este estudio se enfoca en 

el tamizaje de biosurfactantes de dos fuentes principales: una librería metagenómimca previamente 

construida de organismos obtenidos de los sedimentos del río de Bogotá; y los clones que son producto de 

la evolución direccionada,, usando abarajado de ADN de la proteína OmpG de Escherichia coli. Mediciones 

mostraron que de los clones evaluados, cuatro (D7, D9, E1 y J8) tuvieron una actividad biosurfactante más 

alta que la de Pseudomona aeruginosa (disminuyeron entre 2-4 mN/m la tensión superficial más que las 

Pseudomonas). Estos cuatro clones disminuyeron la tensión superficial entre 16-18 mN/m a comparación 

con una emulsión sin biosurfactantes. Los clones A2, D3, E6, H1, I3, I14, I16, J12, J19 y J24 también 

presentaron alta actividad biosurfactante. Estos generaron unas tensión superficial entre 4-6 mN/m mayor 

a la tensión superficial obtenida con Pseudomonas. Sin embargo, disminuyeron la tensión superficial un 

total de 8-10 mN/m comparado con una solución sin biosurfactantes. Los clones que presentaron actividad 

biosurfactante muy baja fueron B14, E4, H9 y I18. El abarajado de ADN resulto en la amplificación correcta 

y producción de fragmentos aleatorios. Sin embargo, reensamblaje no fue posible y las librerías no se 

crearon. No obstante, el procedimiento estandarizado se determinó.  
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Objectives 

 

General Objective 

Assess the biosurfactant activity of molecules produced by the bacterial clones of a previously 

constructed metagenomic library and improve biosurfactant ability of the OmpG protein in Escherichia 

coli through mutagenic DNA shuffling 

  

Specific Objectives 

1. Assess biosurfactant activity of compounds obtained from previously screened clones of a 

metagenomic library of the Rio de Bogotá through measurement of dynamic surface 

tension using the pendant drop method 

 

2. Realize DNA shuffling to obtain structural modifications of the transmembrane protein 

OmpG of E. coli  

 

3. Construct a library of genes from DNA shuffling with potential for biosurfactant activity 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction 

Petroleum is one of the most important energy resources of the chemical industry. Currently, the world 

depends on oil and the use of oil as fuel has contributed to intensive economic development. However, 

petroleum production is steadily moving toward unconventional crude oils, such as heavy and extra-heavy 

oils, mainly due to depletion of medium and light oils [1]. It is therefore important to develop technologies 

that allow the efficient use of this resource. Moreover, petrochemical processing produces a large amount 

of hazardous waste; and oil spills during exploration, transportation, and refining, have caused serious 

environmental problems [2]. 

Biosurfactants are amphipathic compounds produced by microorganisms. Because of the hydrophobic 

and hydrophilic portions that act between fluids of different polarities, they are able to diminish the 

surface tension between them. Currently, the major market for biosurfactants is the petroleum industry. 

Due to the ability of biosurfactants to diminish surface tension they are used in the cleanup of oils spills, 

the removal of oil residue from storage tanks, microbial-enhanced oil recovery, and the bioremediation 

of soil and waste [3]. They are also used in the exploration of heavy oil and enhanced oil recovery [3]. 

Their properties include (i) changing surface active phenomena, such as lowering of surface and interfacial 

tensions, (ii) wetting and penetrating actions, (iii) spreading, (iv) hydrophylicity and hydrophobicity 

actions, (v) microbial growth enhancement, (vi) metal sequestration, and (vii) anti-microbial action [2]. 

Their low toxicity and eco-friendly nature allows them to be used in a wide range of potential industrial 

applications in bioremediation, health care, food processing, cosmetics and more. They are therefore 

expected to become multifunctional materials of the 21st century [5].  

Although there are some biosurfactants in the market, a key factor governing the success of biosurfactant 

production is the development of an economical process that uses low-cost materials and offers high 

yield. To reduce costs of biosurfactant production, it is necessary to select microorganisms capable of 

high-yield production and to optimize large-scale fermentation and recovery conditions [4].  

Within this context, this work is aimed to screen for possible biosurfactants with improved or equal 

activity as existing ones. This is to be achieved evaluating the biosurfactant activity of two main sources: 

(i) a previously constructed metagenomic library of microorganisms obtained from sediments from the 

Rio de Bogotá [5], and (ii) the clones product of  directed evolution, using DNA shuffling, of the OmpG 

protein in Escherichia coli. 

 

1.1. Biosurfactants 

Biosurfactants are microbially produced surface-active amphiphilic compounds, that is, they contain both 

hydrophilic and hydrophobic parts. Because of their amphiphilic nature, they allow access to hydrophobic 

substrates causing a reduction in surface tension, an increase in the area of contact of insoluble 

compounds (such as hydrocarbons) and the enhancement of the mobility, bioavailability, and 

biodegradation of such compounds [2]–[4], [6]. They also cause changes in the foaming properties of 

aqueous mixtures, facilitating properties such as emulsification, foaming, detergency and dispersing [4]. 

Biosurfactants are mainly produced by aerobic microorganisms in aqueous media with a carbon source 

feedstock, such as carbohydrates, hydrocarbons, fats and oils. Most biosurfactants are exolipids, that is, 



the surfactant is released into the medium by the cell and the excretion can be detected in certain phases 

of the cell growth cycle [4]. It is believed that biosurfactants are secreted into the culture medium to assist 

in the growth of the microorganism by facilitating the translocation of insoluble substrates across cell 

membranes [7]. The lipophilic moiety can be a protein or peptide with a high proportion of hydrophobic 

side chains or a hydrocarbon chain of a fatty acid with 10 to 18 carbon atoms. The hydrophilic moiety can 

be an ester, hydroxyl, phosphate, carboxylate group, or sugar [3]. Biosurfactants are generally classified 

into low molecular-mass molecules, which efficiently lower surface and interfacial tensions, and high 

molecular-mass polymers, which are more effective as emulsion-stabilizing agents. The major classes of 

low-mass surfactants are glycolipids, lipopeptides and phospholipids, whereas high-mass surfactants 

include polymeric and particulate surfactants [8]. 

 Due to their biodegradability, they can be used safely in the environment without the risks of some of 

their chemically synthesized counterparts. They also offer other advantages over synthetic surfactants in 

terms of their low toxicity, excellent surface activity, high specificity, possible reuse through regeneration 

and effectiveness under extreme temperature and pH conditions [8], [9]. 

However, large-scale production of these molecules has not been realized because of low yields in 

production processes and high recovery and purification costs [9]. The total production of surfactants in 

2012 was ~12 million tons, only 3.5 million tons of which were biosurfactants [3]. Moreover, revenues 

from the bio-based portion of the market were US 6.6 million [3]. A key factor governing the success of 

biosurfactant production is the development of an economical process that uses low-cost materials and 

offers high yield. The choice of a low-cost substrate is important to the overall economics, as the substrate 

accounts for up to 50% of the final production cost [3]. To reduce costs of biosurfactant production, it is 

necessary to select microorganisms capable of high-yield production and to optimize large-scale 

fermentation and recovery conditions [4]. Therefore, the  economical, ecological and technological 

potential of biosurfactants is enormous but remains largely untapped today [4].  

Some examples of microbial-derived surfactants are Rhamnolipids from Pseudomonas aeruginosa, 

surfactin from Bacillus subtilis, emulsan from Acinetobacter calcoaceticus and sophorolipids from Candida 

bomb cola  [6]. Major classes of biosurfactants and the microorganisms involved in producing them are 

shown in Table 1. 

Table 1. Major biosurfactants and the microorganisms involved [9] 

Microorganism Type of Surfactant 

Torulopsis bombicola Glycolipid (sophorose lipid) 

Pseudomonas aeruginosa Glycolipid (rhamnose lipid) 

Bacillus licheniformis Lipoprotein 

Pseudomonas sp. DMS 2847 Glycolipid (rhamnose lipid) 

Arthrobacter paraffineus Sucrose and fructose glycolipids 

Corynebacterium salvonicum SFC Neutral lipid 

 

 

1.2. Surfactants in the petrochemical Industry 



Petroleum is one of the major energy sources. The worldwide energy demand indicates a 1.7% increase 

in the number of barrels of oil produced per year, between 2000 and 2030, while consumption is expected 

to reach 15.3 billion tons of oil per year [3]. Furthermore, according to the International Energy Agency, 

petroleum production is steadily moving toward unconventional crude oils, such as heavy and extra-heavy 

oils rather than medium and light oils. Heavy and extra-heavy crude oils represent at least one half of 

recoverable oil resources in countries such as Canada, China, Mexico, Venezuela, and the USA [1]. It is 

therefore important to develop technologies that allow the efficient use of this resource. 

Because of the biosurfactants’ ability to reduce interfacial and surface tension, they have potential for use 

in the petrochemical industry [2]. One of their primary uses is in the exploration of heavy oil, offering 

advantages over their synthetic counterparts throughout the entire petroleum processing chain 

(extraction, transportation and storage). They are also used in microbial-enhanced oil recovery, the 

cleaning of contaminated vessels and to facilitate the transportation of heavy crude oil by pipeline [1]. 

Table 2 offers a list of biosurfactant applications in the oil industry [2]. 

Table 2. Biosurfactant application in petroleum industry [2] 

 

The use of surfactants is among the most effective ways of removing hydrocarbons from the environment. 

Oil spills can be removed using different mixtures of surfactants. This due to the fact that many of the 

biosurfactant producing microorganisms are also hydrocarbon-degraders [2]. Mostly, the microbial 

produced biosurfactants assist in the dispersal of crude oil in aquatic environment, thus facilitating the 

bioremediation of oil spills and chronic petroleum pollution [3]. 

Furthermore, in the past decades, many studies have showed the effects of microbially produced 

surfactants not only on bioremediation but also on enhanced oil recovery. Undesirable water in oil (W/O) 

emulsions occurs throughout oil production, transportation, and processing, and represents a major 

problem in heavy crude oil. Crude oil emulsions are complex and the emulsifying agents may be 

amphiphilic molecules from the oil, especially the resin fraction, including naphthenic acids, asphaltenes, 

fine solids, including clays, scale, wax crystals or by microorganisms. De-emulsification in the oil industry 

is challenging due to the variety of possible emulsion properties, and treatments are currently tailored to 

each site and adapted over time. Various microbes including Nocardia amarare, Pseudomonas sp., 

Corynebacterium petrophilum, Rhodococcus auranticus, Bacillus subtilis, and Micrococcus sp. are known 

to exhibit demulsification activity. Some biologically produced agents like glycolipids, polysaccharide, 

glycolipids, glycoproteins, phospholipids and rhamnolipids destabilize petroleum emulsions. However, 

not much work has been implemented on this regard [3]. 



 

1.3. Evaluation of Surfactants 

Surfactants are characterized functionally mainly by their ability to change surface-surface interactions. 

Quantitative parameters used to measure functionality are the surface tension, the critical micelle 

concentration and the hydrophilic and lipophilic balance [4]. Surface tension is an important parameter 

since, due to their amphiphilic character, surfactants partition preferentially at the interface between fluid 

faces of different degrees of polarity and hydrogen bonding. The formation of such an ordered molecular 

film at the interface lowers the interfacial energy and tension [4]. It is this characteristic that allows 

biosurfactants such a wide range of applications in the petroleum industry. 

 

1.3.1. Tensiometer 

Measurements of surface tension at oil-water and air-water interfaces are performed with a tensiometer. 

The surface tension of distilled water is 72 mN m-1, and the addition of a good surfactant lowers this value 

to approximately 30 mN m-1 [4]. 

Superficial tension measurements are based on Tate’s Law. This law states that when drops of the 

evaluated fluid are produced in a capillary tube, the weight of each drop is proportional to the superficial 

tension of liquid. This law is shown in Equation 1 [10]. 

𝑚𝑔 = 2π𝑟𝜎   (1) 

Where 𝑚𝑔 is the weight of the drop falling, 2π𝑟 is the circumference length, and σ is the surface tension. 

High precision equipment, such as tensiometers, are used to measure superficial and interfacial tension 

of emulsions. Due to the equipment’s high dependability, they have been used to screen biosurfactants 

with high superficial activity, capable of reducing surface tension between oil-water emulsions [10], [11].  

 

1.3.2. Pendant drop method 

The basic premise of the drop method is that surface tension can be calculated from physical drop 

characteristics as it forms at the end of a capillary tip of known external radius [12]. The pendant drop 

method relies on the hanging drop shape to determine the parameter values necessary to compute 

surface tension [12]. When the drop is hanging, an equilibrium is achieved between the force of gravity 

that tends to stretch the drop and the surface tension that tends to hold the shape of the drop. By 

determining the shape of the diameters of the drop (see Figure 1), the surface tension can be calculated 

[10]. The stability of the hanging drop is found to be dependent only on its shape [13].  



 

Figure 1. Hanging drop method [10].d1 is the maximum drop diameter and d2 the diameter of the 

drop at a distance a from the edge of the drop 

This is a method which is suitable for determining either surface tension or interfacial tension. Thus, it is 

possible to use the same basic apparatus and methods of calculation. It is also advantageous due to its 

versatility, simplicity in routine of calculations and avoidance of the necessity to determine the contact 

angle [13]. 

 

1.4. Metagenomic Library 

Metagenomics is the study of the collective genomes of the members of a community. In order to build a 

metagenomic library, DNA is extracted directly from the community, cloned into a host and then studied 

by sequencing or screening for expression of activities of interest [14]. In order to analyze and access the 

genetic information obtained from the community, two approaches can be used: functional and 

sequence-based metagenomics. Functional metagenomics requires that the host bacterium express the 

recombinant DNA in either screens for active enzymes, antibiotic production or selections for growth 

under growth suppressive conditions. On the other hand, in sequence-based metagenomics, cloned DNA 

is randomly sequenced or a specific gene is sought using complimentary oligonucleotides to hybridize to 

arrayed metagenomic clones [14]. Figure 2 explains the methodology followed when building a 

metagenomic library. 

The metagenomic library screened for biosurfactant activity was previously created by Barrera and Ramos 

[5] and was constructed from the sediments of the Rio de Bogotá. This location was chosen due to its high 

contamination level caused by the dumping of residual waters from the city of Bogotá onto the river. In 

consequence, it was highly probable that the organisms living in the sediments of the Rio the Bogotá 

would have mutations and genetic modifications due to the contaminants present in the water; mutations 

that allow them to live under harsh and toxic conditions [5]. Therefore, it was expected that many would 

present capacity as biosurfactants. Through a qualitative 96 plate well test of optical distortion, Barrera 

and Ramos [5] found that the supernant of 48/258 clones did present some level of biosurfactant activity. 

However, further surface tension tests in oil-water emulsions are required in order to determine if the 

biosurfactants can be applied in the petrochemical industry. In this project, the 48 clones found positive 

for biosurfactant activity will be screened according to their quantitative capacity to diminish the surface 

tension of a crude-water emulsion. 

 



 

Figure 2. Methodology for Building a Metagenomic Library [14]. 

 

1.5. Transmembrane proteins as biosurfactants  

Gram-negative bacteria are surrounded by a double membrane structure. The outer membrane serves as 

a semipermeable barrier, allowing nutrients to penetrate the cell and preventing dangerous substances 

from entering. The permeability of the barrier is controlled by a set of outer membrane proteins, the 

majority of which are porins. Nonspecific porins, like OmpF and OmpC, allow small molecules access to 

the periplasm. Other porins, LamB for instance, transport specific solutes [15]. 

Transmembrane proteins have potential for use as biosurfactants due to their structure, since they 

generally include a hydrophilic and hydrophobic section. Escherichia coli contains a variety of outer 

membrane proteins that can be used as biosurfactants [16] and previous studies on these proteins have 

confirmed their potential as such [16], [17]. For instance, the structure and stability of the E. coli OmpX 

transmembrane protein was evaluated in a water-dodecane solution to allow the determination of 

protein-lipid mixed micelle and the calculation of the emulsion´s viscosity as shown in [16]. Other studies 

have determined that the ompA protein has an 85% homology with the biosurfactant Alasan [17] and 

have determined the increased stability of an oil-water emulsion as a result of addition of the protein [18]. 

 

 



1.5.1. OmpG Porin 

However, few studies have been done on the OmpG porin. The porin OmpG was found in a screen for 

Escherichia coli with increased outer membrane permeability. The gene for OmpG encodes a 301 amino 

acid polypeptide, which is processed during export by removal of a 21-amino acid leader sequence to yield 

the mature protein [15]. The physiological role of OmpG is not clear. OmpG is not detected in the outer 

membrane of several E. coli strains (E. coli K12 strains 679, Y10, W1, and AB1157, E. coli B, E. coli C, and 

E. coli K1) by western blot analysis. Despite this, the gene for OmpG gene is detected by PCR1 analysis in 

the genomes of these bacteria, indicating that the lack of expression may be due to the growth conditions 

[15].  

Differently to classical porins, OmpG exhibits characteristics of a functional monomer in planar bilayers. 

The single channel conductance of OmpG is 0.81 nS in 1 M NaCl; it closes in a single step in response to 

an elevated transmembrane potential, instead of the three steps normally seen with trimeric porins 

[15]. A monomeric porin offers an advantage over these multimeric pores because a single polypeptide 

encodes a single functional pore. Some experiments have been carried out on OmpG with the goal of 

establishing the pore as a viable platform for protein engineering [15]. It was found that while OmpGm 

is water-soluble, it does form oligomers in solution, which is most likely due either to the amphipathic 

nature of the β sheets that ultimately form the barrel or to hydrogen-bonding between edges of the 

sheets. 

 

Figure 3. Schematic of the folding pathway for OmpGm. Three forms are shown: the water-soluble 

form (W), a β-sheet-rich intermediate (Iβ), and the fully folded form (F) [15]. 

Water-soluble OmpGm can be converted to a β-sheet rich, heat-modifiable, protease-resistant form by 

incubation with detergent [15]. This conversion requires micellar detergent. The folding pathway can be 

divided into two phases (Figure 3), a fast conversion from the water-soluble protein (W) into a β-sheet 

rich intermediate (Iβ) followed by a slow acquisition of heat modifiability and protease resistance in the 

final folded form (F). Due to its structure, it is therefore possible to assume this protein could have 

potential as biosurfactant [15]. 



Few studies have actually tested this theory. In one previous study, it was found that the presence of the 

OmpG protein increases the quality of the foam produced in the creation of shampoo, however, it does 

not increase the foaming properties of the mixture [19]. Other studies found that the protein can present 

certain stability in an n-dodecane-water emulsion [20], although not as stable as ompN [20]. 

 

1.6. DNA Shuffling 

Protein engineering is a new kind of biotechnology whose principal objective is to create functional 

proteins with improved performance of existing ones. In order to do so, it is necessary to know the amino 

acids that form a protein, their interactions and the 3D structure of the protein. However, nowadays it is 

difficult to make precise predictions on the effects that specific designed mutations will have [21]. 

Therefore, when not much is known about the protein, there are some trial and error experimental 

techniques that allow the creation of random mutations that lead to directed evolution of the protein of 

interest. One of these techniques is DNA shuffling. 

DNA shuffling is a method for in vitro recombination of genes invented by W.P.C Stemmer in 1994 [22]. It 

is a process which combines useful mutations from individual genes and that way generates diversity. 

Libraries of chimaeric genes can be generated by random fragmentation of a pool of related genes, 

followed by reassembly of the fragments in a self-priming polymerase reaction [23]. Recombination 

occurs when fragments from different parents anneal at a region of high sequence identity [22]. The genes 

to be recombined are randomly fragmented by DNaseI, and fragments of the desired size are purified 

from an agarose gel. These fragments are then reassembled using cycles of denaturation, annealing, and 

extension by a polymerase [23]. 

DNA shuffling consists of four steps: (i) preparation of genes to be shuffled, (ii) fragmentation with DNase 

I, (iii) reassembly by thermocycling in the presence of a DNA polymerase, and (iv) amplification of 

reassembled products by a conventional PCR. Point mutations may be generated during each of these 

steps [24]. Figure 4 shows a schematic of the DNA shuffling method. 

This technology has evolved and been modified since its development. In several instances, chimeric 

enzymes with improved activity and stability have been isolated from libraries constructed using DNA 

shuffling as shown in [25]-[29]. However, in other cases, the method resulted in libraries with either too 

many mutations [24] or too few crossovers  to be useful [30]. 

Taking this into account through mutagenic DNA shuffling of the gene that codes for the OmpG protein in 

Escherichia coli, possible new biosurfactants with equal or improved characteristics as OmpG can be 

created. 



 

Figure 4. Schematic of DNA shuffling method. Parental genes are cleaved randomly using DNaseI to 

generate a pool of fragments. These fragments are recombined using PCR with a specialized 

thermocycling protocol. Fragments are denatured at high temperature, then allowed to anneal to 

other fragments. Some of these annealing events result in heteroduplexes of fragments from two 

homologous parents. Annealed 3' ends are then extended by polymerase. After 20–50 cycles of 

assembly, a PCR amplification with primers is used to selectively amplify full-length sequences [23]. 

 

2. Methodology 

 

2.1. Preparation of clones from Metagenomic library   

As previously mentioned, the first source of biosurfactants for screening were those selected by Barrera 

and Ramos from a constructed metagenomic library of the organisms living in the sediment of the Rio de 

Bogota [5]. The group of clones that Barrera and Ramos tested positive according to the layout of the 

metagenomic library of 284 original clones, organized A-P by row and 1-24 by column on the plate were 

[5]: 

𝐴2, 𝐴13, 𝐴15, 𝐵14, 𝐶11, 𝐶23, 𝐷3, 𝐷7, 𝐷9, 𝐷12, 𝐷24, 𝐸1, 𝐸4, 𝐸6, 𝐸8, 𝐸16, 𝐸17, 𝐸18, 

 𝐸19, 𝐸20, 𝐸21, 𝐸22, 𝐹5, 𝐹10, 𝐻1, 𝐻5, 𝐻9, 𝐻15, 𝐻17, 𝐻23, 𝐼3, 𝐼4, 𝐼6, 𝐼10, 𝐼11, 𝐼14, 𝐼16, 

 𝐼18, 𝐽8, 𝐽12, 𝐽19, 𝐽20, 𝐽21, 𝐽24, 𝐾2, 𝐾7, 𝐾13, 𝐾22 

 



In order to perform tests on the clones to measure their quantitative capacity to diminish the surface 

tension of a crude-water emulsion, a library was assembled for the 48 screened clones that tested 

positive. For this, two LB medium (10 g/L NaCl, 10 g/L tryptone, 5 g/L yeast extract, 10 mM of MgSO4, 

0.2% of maltose) were prepared, one in water and one in a 40% glycerol solution. The colonies were 

transferred to a plate in a water LB solution and the plate was left to incubate overnight at 37⁰C. The 

colonies, once grown, were then transferred to an LB glycerol broth, which allowed for posterior storage 

of the library at -80⁰C [5]. 

 

2.2.  Screening of Clones with the use of the Tensiometer 

Surfactants are characterized functionally mainly by their ability to change surface-surface interactions. 

[4]. Surface tension is an important parameter since, due to their amphiphilic character, surfactants 

partition preferentially at the interface between fluid faces of different degrees of polarity and hydrogen 

bonding. The formation of such an ordered molecular film at the interface lowers the interfacial energy 

and tension [4].  

Therefore, in order to further evaluate the biosurfactant activity of the preselected clones, tests are done 

to measure changes induced in the surface tension of an oil emulsion when mixed with the molecules 

released by the clones during growth. The Optical Tensiometer Attension Theta® is used to perform all 

surface tension measurements. Due to the equipment’s high dependability, it has been used to screen 

biosurfactants with high superficial activity, capable of reducing surface tension between oil-water 

emulsions [12], [13].  

The method used in the tensiometer is the hanging drop method. It was chosen due to its versatility, 

simplicity in routine of calculations and avoidance of the necessity to determine the contact angle [14].The 

basic premise of the drop method is that surface tension can be calculated from physical drop 

characteristics as it forms at the end of a capillary tip of known external radius [15]. The pendant drop 

method relies on the hanging drop shape to determine the parameter values necessary to compute 

surface tension [15]. When the drop is hanging, equilibrium is achieved between the force of gravity that 

tends to stretch the drop and the surface tension that tends to hold the shape of the drop. By determining 

the shape of the diameters of the drop (see Figure 1), the surface tension can be calculated [13]. The 

stability of the hanging drop is found to be dependent only on its shape [14].  

 

Emulsions preparation 

To obtain emulsions, the preselected clones are cultivated for 72 h in a 250 mL Erlenmeyer with 50 mL of 

LB medium (10 g/L NaCl, 10 g/L tryptone, 5 g/L yeast extract) and 12.5 µg/mL of chloramphenicol at 37⁰C. 

The content of each culture is then transferred to a 50 mL Falcon tube that is centrifuged for 30 min at 

4500 rpm. The supernant (the aqueous phase obtained from the centrifugation that contains 

biosurfactants due to the fact that most of these molecules are released by the cell [16]) is recovered. 

Then, emulsions are created composed by (i) the supernants of the clone`s growth medium and (ii) crude.  

For the crude part of the emulsion, given the heavy nature of the crude oil used, a mixture of this product 

with dodecane at a concentration 30% (w/w) was prepared. To achieve a single phase, mechanical 



agitation for 15 min at 5000 rpm was performed [16]. Prepared in this way, the crude viscosity is low 

enough to be absorbed in the tensiometer needles.  

In order to determine the effect of the biosurfactant concentration on the emulsion, three types of 

mixtures with varying supernant concentration are prepared: 

 Type 1: 1 mL of supernant + 1 mL of crude mixture (50/50 %v/v) 

 Type 2: 500 µL of supernant + 1.5 mL of crude mixture (25/75 %v/v) 

 Type 3: 250 µL of supernant + 1.75 mL of crude mixture (14/86 %v/v) 

Positive and negative controls 

As the positive control, the supernant of a culture of Pseudomonas aeruginosa is used, because these 

bacteria are known to have high biosurfactant activity [2]. The bacteria are grown at the same conditions 

as the clones (in 50 mL of LB medium for 72 hours at 37⁰C), and are mixed with the crude using equal 

volume concentrations (1mL supernant-1mL crude). 

The negative control used is the supernant of a culture of Escherichia coli EPI 300 previously transformed 

in the laboratory to guarantee it does not possess biosurfactant producing DNA, grown at the same 

conditions as the clones (in 50 mL of LB medium for 72 hours at 37⁰C), mixed along with the crude at a 

concentration using equal volume concentrations (1mL supernant-1mL crude). 

 

Superficial tension measurements 

The samples obtained as explained in Section 2.2.1 and also the positive and negative controls are agitated 

in the vortex for 10 min in order to guarantee the formation of an emulsion, and the samples are then 

taken to the tensiometer. Images are taken at a rate of 20 frames/s for 30 s. A diagram of the methodology 

followed is shown in Figure 5. 

 



 

Figure 5. Surface Tension Measurements Methodology Chart. Modified from [16] 

 

2.3.  DNA shuffling of ompG gene 

Considering the structure of the OmpG protein, it is hypothesized that possible structural modifications 

of the ompG gene in E. coli could lead to the production of proteins with improved biosurfactant activity. 

Therefore, given that not much is known about the protein, there are some trial and error experimental 

techniques that allow the creation of random mutations which lead to directed evolution of the protein 

of interest. One of these techniques is DNA shuffling. 

DNA shuffling is a method for in vitro recombination of genes invented by W.P.C Stemmer in 1994 [17]. It 

is a process which combines useful mutations from individual genes and that way generates diversity. 

Libraries of chimaeric genes can be generated by random fragmentation of a pool of related genes, 

followed by reassembly of the fragments in a self-priming polymerase reaction[18]. Recombination occurs 

when fragments from different parents anneal at a region of high sequence identity [17]. The genes to be 



recombined are randomly fragmented by DNase I, and fragments of the desired size are purified from an 

agarose gel. These fragments are then reassembled using cycles of denaturation, annealing, and extension 

by a polymerase [18]. See Appendix D for a more detailed explanation and a graph on the DNA shuffling 

methodology. 

The DNA shuffling method used in this work is a hybrid of various published methods that has yielded 

highly chimeric libraries (as many as 3.7 crossovers per 2.1 kb gene) with a low mutagenesis rate. 

Fragments are made in much the same way as in the first Stemmer method. This is the method developed 

by Joern that has successfully been used to recombine parents with only 63% DNA sequence identity [18].  

2.3.1. Primer design 

The first step in DNA shuffling is designing two sets of primers that meet basic primer requirements (18–

25 bp primers with GC content ~50%). The first set is the Outer primers. They are used to amplify DNA for 

the fragmentation reaction (reaction designed to obtain DNA parent fragments for shuffling), and should 

be designed for a region that embarks ~150 bp outside of the gene onto the plasmid of interest [18]. 

Therefore, the parent DNA should have large regions flanking the gene of interest so that “nested” 

primers can be used. A plasmid containing the gene of interest is ideal [18]. The second set is the set of 

Inner primers. They should be designed close to the gene of interest and are used to amplify full-length 

sequences following the assembly reaction. Both sets of primer are designed because generally, when 

only one primer set is used, the amplification step to regenerate full-length sequences will fail. This usually 

results from digestion or degradation of priming sites during the reassembly due to residual exonuclease 

activity from the polymerase [18]. 

In order to design the primers, it is established that the ompG gene will be obtained from E. coli K-12 

W3110/pCA24N ompG+ and the plasmid pCA24N will be used for gene amplification and posterior 

genomic library construction. 

 

2.3.2. Preparation of Linear Input DNA 

In order to generate double stranded DNA versions of the target region of the gene of interest, PCR 

amplification of Parental Plasmid DNA is done. The methodology used was based on [17]–[20]. 

2.3.2.1. Isolation of ompG from E. coli K-12 W3110/pCA24N ompG+ and pCA24N 

plasmid extraction 

E. coli K-12 W3110/pCA24N ompG+ is cultivated in LB agar (10 g/L NaCl, 15 g/L agar, 10 g/L tryptone, 5 

g/L yeast extract, 50 μL chloramphenicol ) and incubated at 37⁰C for 16 hours. The preinoculum of a colony 

is grown in 50 mL of LB medium and incubated at 37⁰C and 250 rpm for 16 hours. The medium is then 

centrifuged at 4500 rpm and 4⁰C for 15 minutes and the cells are isolated. Using the QIAprep Spin 

Miniprep Kit of QIAGEN the plasmid is isolated. An agarose gel electrophoresis is done to verify plasmid 

isolation. 

2.3.2.2. Amplification of OmpG sequence 

After obtaining the isolated plasmid, PCR is done using Outer primers for the amplification of the ompG 

gene present in the pCA24N plasmid. The following were mixed in a PCR tube: 5µL enzyme buffer, 1 µL 



DNTPs, 5 µL MgCl2, 5 µL Forward Primer/Reverse primer mix, 0.2 µL DNA polymerase, 1 µL DNA (plasmid), 

and water to bring total volume to 50 µL.  Two different DNA polymerases were used to amplify and each 

reaction was done 4 times. The two different DNA polymerases used were: Taq Recombinant Polymerase 

from Life Technologies and DNA polymerase Taq Takara.  

The PCR is done with the following scheme: Cycle 1(1X): Hot start at 94⁰C for 4 minutes. Cycle 2(10X): 

Denaturation at 94⁰C for 45 seconds. Annealing for 30 seconds at 55⁰C and Elongation at 72⁰C for 2 

minutes and 30 seconds. Cycle 3(25X): Denaturation at 94⁰C for 30 seconds. Annealing for 30 seconds at 

55⁰C Elongation at 72⁰C for 1 minute. Cycle 4(1X): Final Extension at 72⁰C for 10 minutes. Finally, an 

agarose gel electrophoresis is done to check the correct amplification of the DNA of interest.  

2.3.2.3. Purification of OmpG gene 

DNA obtained from the previous amplification sequence is purified using the QIAquick gel extraction kit 

from QIAGEN. 

 

2.3.3. Fragmentation and Purification of Fragments 

The method involves digesting a large gene with DNase I to a pool of random DNA fragments. These 

fragments can be reassembled into a full-length gene by repeated cycles of annealing in the presence of 

DNA polymerase. The methodology used was based on [17]–[20]. 

2.3.3.1. DNase I Digestion  

 

1. Equal volumes 1M Tris∙ HCl, pH 7.4/1 and 200 mM MgCl2 are combined to generate 10X DNase I buffer.  

2. Since DNase I digestion capacity on the gene is unknown, 5 different digestions are designed: 

Table 3. DNase I digestion design of experiments 

Reaction 1 2 3 4 5 

10X DNase I Buffer 5𝜇L 5𝜇L 5𝜇L 5𝜇L 5𝜇L 

DNase I (Sigma) 0.4 𝜇L 0.3 𝜇L 0.2 𝜇L 0.3 𝜇L 0.2 𝜇L 

Linear input DNA 2 𝜇g 2 𝜇g 2 𝜇g 2 𝜇g 2 𝜇g 

Water 42.6 𝜇L 42.7 𝜇L 42.8 𝜇L 42.7 𝜇L 42.8 𝜇L 

Time of Reaction 30 s 20s 20s 15s 15s 

 

The reaction is incubated at 15⁰C for the time specified and is stopped by incubating at 80⁰C for 10 

minutes. 

 

3. An agarose gel electrophoresis is run to select fragments of DNA between 400-1000 bp.[18] Larger 

fragments are not chosen for they can reduce diversity and smaller fragments don´t anneal properly.  

4. Fragments are then purified from agarose gel using the QIAquick gel extraction kit from QIAGEN. 



 

2.3.4. Fragment reassembly: Primer-less PCR 

200𝜂𝑔 of DNA fragments are needed. No primers are added at this point. In a PCR tube 5 𝜇𝐿  4mM dNTPs, 

4 𝜇𝐿 50 mM MgSO4, 10 𝜇𝐿 of polymerase Buffer and Taq DNA polymerase at 2.5 unites per 100 𝜇𝐿 of 

reaction mixture are added to the DNA. Water to bring total volume to 100 𝜇𝐿 is added. A PCR program 

of 96°C, 90 s and 35 Cycles of (94°C, 30 s;65°C, 90 s; 62°C, 90 s; 59°C, 90 s; 56°C,90 s; 53°C, 90 s; 50°C, 90 

s; 47°C, 90 s; 44°C, 90 s; 41°C, 90 s; 72°C, 4 min); 72°C, 7 min  is run in order to randomly reassemble the 

obtained fragments and get complete DNA complementary chains. The DNA fragments reassembled 

correctly are purified using electrophoresis in an agarose gel. 

3. Results and discussion 

3.1. Surface Tension Measurements 

Following the methodology stated in Section 2.2, the surface tension of emulsions created with the 

supernant of each clone’s growth medium mixed was measured.  Figure 6 shows the surface tension 

measured for the emulsions with positive control, negative control and for the crude mixture. See 

Appendix A for a complete list of the mean superficial tension and standard deviation for all the clones 

evaluated thus far. Also, see Appendix B for images of the drop formed when measuring superficial 

tension with the hanging drop method. Finally, see Appendix C for photos of the experimental procedure.  

 

The superficial tension for all control groups was measured. This was done in order to have a reference 

and comparison point and determine the initial superficial tension of the crude. The crude with the 

negative control showed a superficial tension of around 28 mN/m, which decreased to around 18 mN/m 

for the crude with the positive control. As expected, biosurfactant activity lowers surface tension of the 

emulsion. 

 

 

 

Figure 6. Surface Tension of Control Groups of Clones from Metagenomic Library. The error bars 

correspond to 1 standard deviation 
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Then, in order to determine the effect of the clone’s biosurfactants on the emulsion, the difference 

between the superficial tension measured for the (-) Control (medium with no biosurfactant) minus the 

superficial tension measured for the emulsion with the clone’s supernatant were obtained. The results 

are shown in Figure 7 and Figure 9, which represents the decrease in superficial tension as a result of using 

the supernant with biosurfactant vs. supernant with no biosurfactant.  

 

Figure 7. Part 1: Difference between the superficial tension measured for emulsions from the (-) 

Control (supernant medium with no biosurfactant) minus the superficial tension measured for 

emulsions from the clone’s medium; it represents the decrease in superficial tension as a result of 

using the supernant with biosurfactant vs. supernant with no biosurfactant. The error bars correspond 

to 1 standard deviation 
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Figure 8. Part 2: Difference between the superficial tension measured for emulsions from the (-) 

Control (supernant medium with no biosurfactant) minus the superficial tension measured for 

emulsions from the clone’s medium; it represents the decrease in superficial tension as a result of 

using the supernant with biosurfactant vs. supernant with no biosurfactant. The error bars correspond 

to 1 standard deviation 

Now, it was necessary to compare the effect of the clone’s biosurfactants on the emulsion vs. the effect 

of the biosurfactant produced by Pseudomonas, a known producer with high applications. Therefore, the 

difference between the superficial tension measured with the clone’s supernatant minus the superficial 

tension measured for the (+) Control was calculated. The results are shown in Figure 9 and Figure 10. It 

represents the decrease in superficial tension when using the supernant from the clones vs. the 

supernants from Pseudomonas. Therefore, a negative value represents better performance in the clone 

vs. the Pseudomonas. 
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Figure 9. Part 1: The difference between the superficial tensions measured for the emulsion minus the 

superficial tension measured for the (+) Control (supernant of Pseudomonas); it represents the 

decrease in superficial tension when using the supernant from the clones vs. the supernants from 

Pseudomonas. The error bars correspond to 1 standard deviation 

 

 

Figure 10. Part 2: The difference between the superficial tensions measured for the emulsion minus 

the superficial tension measured for the (+) Control (supernant of Pseudomonas); it represents the 

decrease in superficial tension when using the supernant from the clones vs. the supernants from 

Pseudomonas. The error bars correspond to 1 standard deviation 
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It can be observed from the results that there are four clones that produce biosurfactants with higher 

performance than the ones produced by Pseudomonas aeruginosa: Clones D7, D9, E1 and J8. These clones 

were able to decrease the surface tension of the emulsion by around 17, 14, 16 and 16 mN/m respectively 

as compared to an emulsion without biosurfactants. This represents a reduction in the surface tension of 

2, 4, 2 and 2 mN/m, respectively, paralleled to an emulsion mixed with the biosurfactant produced by 

Pseudomonas. Therefore, it is clear that these clones have high potential as biosurfactant producers for 

their compounds lower the surface tension more efficiently than already existing biosurfactants. 

Furthermore, clones A2, D3, E6, H1, I3, I14, I16, J12, J19 and J24 also showed high activity. These clones 

decrease surface tension in around 8-10 mN/m as compared to an emulsion without biosurfactant. That 

represents a surface tension of around 4-6 mN/m greater than the surface tension produced with 

Pseudomonas. Therefore, in this particular emulsion, their performance is not as efficient as the use of 

Pseudomonas, for they did not lower the surface tension enough. However, they still act as effective 

biosurfactants to the emulsion by lowering the surface tension.   

Almost all other clones lowered surface tension around 2-6 mN/m as compared to emulsions without 

biosurfactant. So, although they still act as biosurfactants, their activity is relatively low. There were, 

however, some clones that presented low if not null activity as biosurfactants. These are clones B14, E4, 

H9 and I18.  

It is also observed, as expected, that a higher concentration of supernant to crude ratio results in higher 

biosurfactant activity and a lower surface tension in the emulsion. For some clones, the effect of 

concentration was significant, causing an increase of almost 50% in the surface tension with a change 

from 50 to 25 % v/v concentration. However, for most, the effect represented an increase of only around 

20-35%. Furthermore, for some clones, at 14% v/v concentration of supernant, the surfactant activity of 

the molecules was almost negligent. This can be due to the fact that the concentration of biosurfactant 

molecules in the supernant is unknown and the amount of biosurfactant could not have been enough to 

produce a significant change in the surface tension at such low supernant volumes.  

 

3.2.  Primer design 

The first step in designing the primers was to obtain the sequence of the OmpG gene from the NCBI 

database [21]. The sequence of the pCA24N plasmid was also downloaded from the NCBI [22]. 



 

Figure 11. Cloning vector map of pCA24N  [23] 

Next, it was necessary to determine which restriction enzymes would be used (See

 

Figure 12 for a map of primary restriction enzymes on pCA24N created using the software CLC Main 

Workbench.)  



 

Figure 12. Primary restriction enzyme sites on pcA24N 

Taking into account the layout of restriction enzyme cutting sites on the pCA24N plasmid, NotI and SfiI 

restriction enzymes were chosen initially. These enzymes were chosen for they are only present once and 

they cut in palindromic sequences, leaving the fragments as sticky ends that allow easier posterior 

annealing. Choosing two different enzymes allows for the insertion of the created gene clones into the 

plasmid in an oriented way. However, after testing the restriction enzyme NotI in the digestion of the 

pCA24N plasmid, it was found that the enzyme in the lab did not digest as expected. Therefore, it was 

determined that for economic purposes, only the SfiI enzyme would be used. Using only one restriction 

enzyme creates the probability of clones with the insert gene in the wrong orientation.  This renders the 

gene non-functional, so it is necessary to later screen these genes.  

 

3.2.1. Inner Primers 

The inner primers were designed to amplify as much of the OmpG gene as possible. Using the primer 

design tool PrimerQuest provided by IDT (Integrated DNA Technologies) [24], and amplifying over the 

entire sequence of the gene, the following primer was chosen (See Table 4).  

Table 4. Inner primers obtained from PrimerQuest Tool 

 

Then, in order to create mutations that could be later inserted on the pCA24N plasmid, the primers were 

designed to include the restriction enzyme sequences at their 5’ end. This was done without altering the 

triplets of the primers, so as to not shift the reading sequence and create an inactive protein.  

AssaySet Type Sequence Start Length Tm GC Percent Amplicon

Assay Set 1 (Sequence 1)Forward Primer GTT ATT ACC CTG TAC CGC ACT G 9 22 62.45 50

Assay Set 1 (Sequence 1)Reverse Primer ACGAGTAATTTACGCCGACAC 901 21 62.47 47.619

Assay Set 1 (Sequence 1)Product 893

Assay Set 2 (Sequence 1)Forward Primer TGATGTGTGCGGGAATGG 32 18 62.245 55.556

Assay Set 2 (Sequence 1)Reverse Primer CGACACCTGCATAATGGAATTTATC 886 25 62.268 40

Assay Set 2 (Sequence 1)Product 855

Assay Set 3 (Sequence 1)Forward Primer AGGAACGACTGGCACTTTAAT 70 21 62.047 42.857

Assay Set 3 (Sequence 1)Reverse Primer CGCCGACACCTGCATAAT 889 18 62.234 55.556

Assay Set 3 (Sequence 1)Product 820

Assay Set 4 (Sequence 1)Forward Primer GGCGCGATGTACGAAATAGA 94 20 62.096 50

Assay Set 4 (Sequence 1)Reverse Primer CGTGATCCTGCCACTCAAA 847 19 62.09 52.632

Assay Set 4 (Sequence 1)Product 754

Assay Set 5 (Sequence 1)Forward Primer TACCGCACTGGTGATGTG 21 18 61.482 55.556

Assay Set 5 (Sequence 1)Reverse Primer GGAATTTATCACTGTCGCCTTC 871 22 61.285 45.455

Assay Set 5 (Sequence 1)Product 851



 

Figure 13. DNA sequences where the SfiI restriction enzyme cuts. A) The “N” nucleotides are determined by the sequence in 

the pCA24N plasmid. As described by B) Sequence in plasmid where SfiI cuts, those nucleotides are TATGC. 

Extra nucleotides were added in order to maintain the triplet sequence of the original primers, as 

previously mentioned. For the forward and reverse primer two nucleotides were needed.  Figure 14 

shows, according to the pCA24N plasmid sequence, which nucleotides were chosen. All information is 

presented in the 5’-3’ directionality.  

 

Figure 14. Extra nucleotides need to maintain primer triplets and conserve codon reading sequence. 

Nucleotides G-A chosen for SfiI cutting site 

 

Therefore the final Inner primers designed are: 

 Forward Primer: GAG GCC TAT GCG GCC GTT ATT ACC CTG TAC CGC ACT G 

 Reverse Primer: GAG GCC TAT GCG GCC ACG AGT AAT TTA CGC CGA CAC  

3.2.2. Outer primers 

The outer primers were designed for a region that embarked 150 bp outside of the gene onto the 

plasmid of interest. Since it is known that the gene of interest was inserted in the SifI cutting point of the 

plasmid, those sequences are shown in Figure 15. 

b) a) 



 

Figure 15. 150 bp onto plasmid of interest a) before gene sequence b) after gene sequence 

Therefore, amplifying over 150 bp outside the gene of interest in each direction and the gene of 

interest, the pair of primers is designed using the PrimerQuest tool. The primers chosen are shown in 

Table 5. 

Table 5.Outer primers obtained from PrimerQuest Tool 

 

The Outer primers used in the amplification of the gene were those previously designed by Nuñez [13] 

for amplification of OmpA in E. coli K-12 W3110/pCA24N ompA+. Due to the fact that the same outer 

regions flanked both genes because both were inserted in the same region of the same plasmid, these 

primers were appropriate. Two different sets of outer primers were tested for amplification: primer OA 

and primer OB. 

 

Primer O3:[13] 

Forward: GTGAGCGGATAACAATTTCACAC 

Reverse: GGGCATGGCACTCTTGAA 

Primer O4:[13] 

Forward: CTCACCATCACCATCACCATAC 

AssaySet Type Sequence Start Length Tm GC Percent Amplicon

Assay Set 1 (external complete)Forward Primer ATTTGCTTTGTGAGCGGATAAC 13 22 61.962 40.909

Assay Set 1 (external complete)Reverse Primer CCTAGCTTGGATTCTCACCAATA 1201 23 61.849 43.478

Assay Set 1 (external complete)Product 1189

Assay Set 2 (external complete)Forward Primer GAGCGGATAACAATTTCACACAG 56 23 61.99 43.478

Assay Set 2 (external complete)Reverse Primer GCGTTCTGAACAAATCCAGATG 1156 22 61.959 45.455

Assay Set 2 (external complete)Product 1101.00

Assay Set 3 (external complete)Forward Primer CTCACCATCACCATCACCATAC 115 22 62.338 50

Assay Set 3 (external complete)Reverse Primer ACCGAGCGTTCTGAACAAAT 1161 20 62.459 45

Assay Set 3 (external complete)Product 1047

Assay Set 4 (external complete)Forward Primer ATAGATTCAATTGTGAGCGGATAAC 42 25 61.58 36

Assay Set 4 (external complete)Reverse Primer CAGATGGAGTTCTGAGGTCATT 1140 22 61.707 45.455

Assay Set 4 (external complete)Product 1099

Assay Set 5 (external complete)Forward Primer GAGGATCTCACCATCACCATC 109 21 61.594 52.381

Assay Set 5 (external complete)Reverse Primer GTTCTGAGGTCATTACTGGATCTAT 1132 25 61.712 40

Assay Set 5 (external complete)Product 1024

b) 



Reverse: CATATGATCCGGATAACGGGAAA 

 

3.3.  Amplified DNA 

Following the previously mentioned methodology, the isolation of ompG from E. coli K-12 W3110/pCA24N 

ompG+ and pCA24N plasmid extraction was performed. See Figure 16 

 

Figure 16. Plasmid extraction from E. coli K-12 W3110/pCA24N ompG+. Lane 1: 1kb Plus DNA ladder 

Lane 2 and 3: product of plasmid extraction 

The two thick bands are placed at 6 kbd. This represents the 5kbd of the plasmid and 1kb of the OmpG 

gene. Furthermore, the plasmid concentration measured around 280 ng/µL with a 260/280 ratio of 1.87. 

Therefore, it is clear that the plasmid was correctly purified and resulted to be in high concentration. The 

ratio of 1.87 indicates that it is pure DNA free of proteins or other contamination. 

Using the isolated plasmid, amplification of the OmpG sequence was carried out and the results of the 

electrophoresis are shown in Figure 17. Two different DNA polymerases and two different sets of primers 

(O3 and O4) were used.  



 

Figure 17. ompG amplification. A) Lane 1: 1kb Plus DNA ladder; Lane 2: Primer set O4. DNA 

polymerase Taq Takara. Gene amplification at 1000-1200 bp. B) Lane 1: 1kb Plus DNA ladder; Lane 2: 

Primer set 03. DNA polymerase Taq recombinant polymerase from Life technologies. No gene 

amplification; Lane 3: Primer set O4. Gene amplification at 1000-1200 bp. DNA polymerase Taq 

Takara. Lane 4: Primer set 03. DNA polymerase Taq Recombinant Polymerase from Life Technologies. 

No gene amplification 

The ompG gene has 918 bp. Therefore, the size expected of amplification was 918bp plus the 300 

additional base pairs onto the plasmid that came with the primers, that is 1218 bp. It can be seen in Figure 

17 that the amplicon is the correct size. This certifies that the amplified product is in fact the ompG gene. 

It is also observed that between the two primers, only primer O4 amplified the gene of interest. 

Furthermore, all PCRs done with the Taq Recombinant Polymerase from Life Technologies did not amplify 

the gene of interest. Other attempted PCRs led to the conclusion that the Taq Recombinant Polymerase 

from Life Technologies was defective and did not amplify. 

3.3.1. Fragmentation and Purification of Fragments 

After obtaining the amplified ompG gene, it was digested following the design of experiments in Table 3. 

With the given amplicon concentration of 299.6 ng/µL, and given that 2 µg of DNA are needed for each 

digestion, it is determined that 6.67 µL of DNA must be added to each reaction.  

Concentration of nucleotides for each reaction was measured immediately after digestion using the 

NanoDrop. The results can be seen in Table 6. 



 

Table 6. DNase I digestion Concentration results 

Reaction 1 2 3 4 5 

Nucleotide 

Concentration (ng/µL) 
133.8 296.9 148.5 258.3 100.1 

260/280 ratio (Purity) 1.38 1.38 1.38 1.37 1.38 

 

The concentration of nucleotides in each reaction is relatively high. However, the 260/280 ratio of around 

1.38 for each reaction, which is significantly lower than 1.8, indicates the presence of protein, phenol or 

other contaminants that absorb strongly at or near 280 nm. Therefore, it is clear that band purification 

must be done to guarantee that only DNA is recovered. 

With these results, an agarose gel electrophoresis is done. The result is shown in Figure 18. 

.  

Figure 18. DNAseI digestion.  Lane 1: 1kb Plus DNA ladder; Lane 2: Reaction 2; Lane 3: Reaction 1; Lane 

4: Reaction 3; Lane 5: Reaction 4; Lane 6: Reaction 5; 

As can be seen, Reaction 2 and 4 (lanes 2 and 5) have digested DNA. In all other reactions no DNA is 

observed. This could be due to the fact that these reactions appeared yellow after 2 day storage, which 

could imply DNA oxidation and complete degradation. Also, digestion could have been done so strongly 

that only very small chains remained which don’t appear in the electrophoresis. On the other hand, the 

dim white shading of reactions 2 and 4 indicates that concentration is too low to perform band 

purification. This could be due to the yellowing of the reactions that degraded some of the DNA. 



Therefore, another electrophoresis is done inserting all digested DNA from reactions 2 and 4 into one 

lane. See Figure 19. 

 

 

Figure 19. DNAseI digestion.  Lane 1: 1kb Plus DNA ladder; Lane 2 and 3: Reaction 2 and 4 

From this electrophoresis, band sizes between 400-1000 bp are purified using the QIAquick gel extraction 

kit from QIAGEN. In Figure 20, the size of the bands purified can be observed under UV light. 

 

Figure 20. Observation under UV light of purified bands between 400-1000 bp of Digested DNA. 

Band purification resulted in 11 different aliquots. Concentration was measured for each aliquot. See  

 



 

 

 

 

Table 7. 

 

 

 

 

 

 

Table 7. DNase I digestion Concentration results after purification of bands of 400-1000 bp 

Reaction 1 2 3 4 5 6 7 8 9 10 11 

Nucleotide 

Concentration 

(ng/µL) 

2.6 4.5 4.1 5.6 7.0 7.0 9.8 2.9 3.8 1.7 5.6 

260/280 ratio 

(Purity) 
1.85 1.82 1.64 1.37 1.49 1.49 1.36 1.09 1.44 1.46 1.48 

 

It can be seen that concentrations are low for each 3 µL aliquot and purity is not ideal. Therefore, the DNA 

obtained may not be enough for reassembly or in the correct conditions for amplification. However, given 

the low availability of working DNA polymerase, the experiments are continued with the resulting DNA. 

Therefore, all aliquots are mixed, and given the low concentration of each, resulting DNA is concentrated 

using the CentriVap DNA Concentrator form the biology department (See Appendix F for a picture of the 

equipment). The final concentration obtained is 29.6 ng/µL at a purity of 1.56. Therefore, it is clear that 

the concentration of DNA is extremely low and it has low purity. 

 

3.3.2. Fragment reassembly: Primer-less PCR 

In order to have 200 ng of DNA fragments, at a concentration of 28.6 7 ng/µL, 7 µL of DNA need to be 

added. However, only 5 µL of DNA fragments were left after concentration. This meant only 148 ng of 

DNA fragments were actually added to the reactions. The PCR is run using the Taq Recombinant 

Polymerase from Life Technologies. Although it was previously shown to be defective and that it did not 



amplify, there was no longer any supply of DNA polymerase Taq Takara, therefore it was necessary to use 

the polymerase from Life Technologies. A gel electrophoresis is run with the results. See Figure 21. 

 

 

Figure 21. Fragment reassembly.  Lane 1: 1kb Plus DNA ladder; Lane 2: DNA polymerase Taq 

Recombinant Polymerase from Life Technologies. No observable reassembly 

An amplicon of around the same size as the original amplified gene (1.2 kb) was expected. However, 

electrophoresis showed that amplification did not occur and no DNA was observed. This could be due to 

a number of phenomena. Firstly, the low initial DNA concentration explains why no DNA is observable in 

the electrophoresis.  Furthermore, the DNA was not in optimal conditions for amplification as shown by 

its low concentration and high contamination. This could have been originally caused after digestion by 

the buffer that oxidized and degraded the DNA with time, which was shown by the slightly yellow coloring 

of the product. Another possible reason why the few existing DNA in good conditions did not amplify is 

that the DNA polymerase used for this step had previously presented many problems in amplifying. The 

DNA polymerase Taq Recombinant Polymerase from Life Technologies had never achieved a successful 

amplification, which is why it was determined that it had arrived defective.  

 

In order to repair these issues, amplification of the original ompG gene had to be done again. This due to 

the fact that there was none left from the original amplification and any other products of digestion or 

amplification had been degraded with time. Therefore, because of the lack of working DNA polymerase, 

the experimentation could not be repeated. It was therefore determined that library construction could 

not be achieved in the allotted amount of time. However, a working protocol with primer design for gene 

amplification, digestion and reassembly was successfully set up and tried experimentally.  

 



It is therefore determined that for future work, after DNAse I digestion, band purification must be done 

immediately so as not to allow any DNA degradation. For original gene amplification primer O4 must be 

used. Furthermore, given the fact that digestion protocol has already been established, there won´t be 

any waste of the original amplicon gene. With these conclusions, library creation can be done.  

  

No reassembly was achieved. However, it was expected that the fragments would prime each other based 

on homology. Recombination and therefore mutations would occur when fragments from one copy of a 

gene prime on another copy, causing a template switch. Mutations were expected to happen because of 

the use of the low fidelity polymerase (Taq DNA polymerase) in all PCR steps. This increase in mutational 

load may have unlocked new functionality, but also increased the proportion of non-functional variants. 

4. Conclusions  

Two different sources of biosurfactants were evaluated. First of all, the biosurfactant activity of 48 clones 

of the metagenomic library from the Rio de Bogotá has been evaluated by measuring the effect of adding 

the supernant with biosurfactant to a crude solution. It was found that the majority of the clones 

presented relatively high biosurfactant activity, lowering the surface tension of the emulsion. It can be 

concluded that 4/48 clones (D7, D9, E1 and J8) had improved performance over existing biosurfactants. 

They lowered the surface tension 2-4 mN/m more than Pseudomonas aeruginosa.    

Furthermore, clones A2, D3, E6, H1, I3, I14, I16, J12, J19 and J24 also showed high activity, however not 

better than that of Pseudomonas.  Almost all other clones lowered surface tension around 2-6 mN/m as 

compared to emulsions without biosurfactant. So, although they still act as biosurfactants, their activity 

is relatively low. Clones B14, E4, H9 and I18 presented very little or negligent biosurfactant activity.  

Therefore, it can be concluded that due to the toxicity of the river of Bogotá which allows only organisms 

with certain evolving characteristics to survive, biosurfactant organisms were found. Further tests must 

be done on clones D7, D9, E1 and J8 to evaluate the cause for their biosurfactant activity for they present 

high potential for use in the industry. This concludes objective 1.  

The second source of biosurfactants evaluated was from the directed evolution of the ompG gene in 

E.Coli. This gene was chosen for its capacity to create a hydrophilic and hydrophobic portion as a 

transmembrane protein. DNA shuffling was done to create mutations to this gene. A complete protocol 

along with successful primer design was designed and implemented. This concludes objective 2. 

However, gene reassembly was not successful in the allotted time. This was due to problems in Primer 

delivery and to the lack of working DNA polymerase towards the end of experimentation. It is therefore 

determined that for future work, after DNAse I digestion, band purification must be done immediately so 

as not to allow any DNA degradation. For original gene amplification primer O4 must be used. 

Furthermore, given the fact that digestion protocol has already been established, there won´t be any 

waste of the original amplicon gene. With these conclusions, library creation can be done (see Appendix 

E for library creation protocol).  

It is therefore expected that with the created protocol, mutations will result in changed performance of 

the transmembrane protein ompG, which could result in biosurfactants.  
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APPENDIX A 

Table A1 .Tensiometer Measurements of Surface Tension (ST) Mean and Standard deviation 

Clone 
Strain 

ST Mean 
(mN/m) 

Standard 
Deviation 

(-) - R R- (+) 

A2 17.923 0.120 10.077 -0.077 

A2T2 18.123 0.235 9.877 0.123 

A2T3 19.923 0.123 8.077 1.923 

A13 18.997 0.326 9.003 0.997 

A13T2 23.569 0.132 4.431 5.569 

A13T3 25.870 0.153 2.130 7.870 

A15 21.982 0.500 6.018 3.982 

A15T2 24.350 0.310 3.650 6.350 

A15T3 26.530 0.230 1.470 8.530 

B14 27.795 0.325 0.205 9.795 

B14T2 27.170 0.200 0.830 9.170 

B14T3 27.990 0.100 0.010 9.990 

C11 20.546 0.520 7.454 2.546 

C11T2 24.113 0.235 3.887 6.113 

C11T3 27.110 0.623 0.890 9.110 

C23 21.480 0.123 6.520 3.480 

C23T2 24.207 0.263 3.793 6.207 

C23T3 25.690 0.250 2.310 7.690 

D3 18.510 0.230 9.490 0.510 

D3T2 22.612 0.292 5.388 4.612 

D3T3 23.210 0.210 4.790 5.210 

D7 17.053 0.660 10.947 -0.947 

D7T2 23.461 0.235 4.539 5.461 

D7T3 25.100 0.340 2.900 7.100 

D9 14.917 0.324 13.083 -3.083 

D9T2 16.330 0.235 11.670 -1.670 

D9T3 21.842 0.161 6.158 3.842 

D13 21.350 0.235 6.650 3.350 

D12T2 22.120 0.632 5.880 4.120 



D12T3 22.530 0.325 5.470 4.530 

D24 22.600 0.123 5.400 4.600 

D24T2 24.328 0.176 3.672 6.328 

D24T3 25.310 0.513 2.690 7.310 

E1 15.988 0.260 12.012 -2.012 

E1T2 19.860 0.630 8.140 1.860 

E1T3 24.776 0.235 3.224 6.776 

E4 22.717 0.126 5.283 4.717 

E4T2 26.284 0.720 1.716 8.284 

E4T3 27.100 0.120 0.900 9.100 

E6 20.233 0.323 7.767 2.233 

E6T2 22.321 0.793 5.679 4.321 

E6T3 24.513 0.125 3.487 6.513 

E8 24.650 0.283 3.350 6.650 

E8T2 23.180 0.813 4.820 5.180 

E8T3 21.350 0.235 6.650 3.350 

E16 22.800 0.558 5.200 4.800 

E16T2 21.300 0.123 6.700 3.300 

E16T3 21.120 0.662 6.880 3.120 

E17 22.892 0.235 5.108 4.892 

E17T2 21.832 0.123 6.168 3.832 

E17T3 20.150 0.322 7.850 2.150 

E18 24.347 0.152 3.653 6.347 

E18T2 22.412 0.632 5.588 4.412 

E18T3 21.530 0.624 6.470 3.530 

E19 24.945 0.870 3.055 6.945 

E19T2 25.130 0.700 2.870 7.130 

E19T3 26.320 0.750 1.680 8.320 

E20 21.059 0.823 6.941 3.059 

E20T2 22.130 0.220 5.870 4.130 

E20T3 23.523 0.123 4.477 5.523 

E21 19.320 0.667 8.680 1.320 

E21T2 26.100 0.720 1.900 8.100 

E21T3 21.350 0.734 6.650 3.350 

E22 21.006 0.520 6.994 3.006 

E22T2 23.009 0.724 4.991 5.009 

E22T3 24.530 0.630 3.470 6.530 

F5 20.135 0.120 7.865 2.135 

F5T2 22.131 0.233 5.869 4.131 

F5T3 22.963 0.683 5.037 4.963 

F10 19.263 0.183 8.737 1.263 



F10T2 22.124 0.683 5.877 4.124 

F10T3 21.350 0.865 6.650 3.350 

H1 18.997 0.128 9.003 0.997 

H1T2 22.120 0.853 5.880 4.120 

H1T3 23.125 0.674 4.875 5.125 

H5 20.253 0.183 7.747 2.253 

H5T2 22.131 0.120 5.869 4.131 

H5T3 23.521 0.126 4.479 5.521 

H9 25.521 0.348 2.479 7.521 

H9T2 26.900 0.580 1.100 8.900 

H9T3 28.100 0.330 -0.100 10.100 

H15 23.190 0.300 4.810 5.190 

H15T2 23.158 0.513 4.842 5.158 

H15T3 23.515 1.163 4.485 5.515 

H17 24.284 0.310 3.717 6.284 

H17T2 25.130 0.120 2.870 7.130 

H17T3 26.251 0.125 1.749 8.251 

H23 22.132 0.678 5.868 4.132 

H23T2 22.519 0.573 5.481 4.519 

H23T3 24.124 0.249 3.877 6.124 

I3 19.283 0.120 8.717 1.283 

I3T2 20.124 0.233 7.877 2.124 

I3T3 23.350 0.683 4.650 5.350 

I4 20.135 0.183 7.865 2.135 

I4T2 22.131 0.683 5.869 4.131 

I4T3 24.963 0.865 3.037 6.963 

I6 21.381 0.128 6.619 3.381 

I6T2 22.842 0.853 5.158 4.842 

I6T3 23.412 0.674 4.588 5.412 

I10 22.135 0.183 5.865 4.135 

I10T2 23.111 0.120 4.889 5.111 

I10T3 23.538 0.126 4.462 5.538 

I11 20.231 0.547 7.769 2.231 

I11T2 22.092 0.649 5.908 4.092 

I11T3 23.769 0.120 4.231 5.769 

I14 19.510 0.323 8.490 1.510 

I14T2 22.220 0.793 5.780 4.220 

I14T3 22.210 0.125 5.790 4.210 

I16 18.923 1.099 9.077 0.923 

I16T2 20.273 0.813 7.727 2.273 

I16T3 21.989 0.520 6.011 3.989 



I18 26.218 0.558 1.782 8.218 

I18T2 26.928 0.123 1.072 8.928 

I18T3 26.832 0.662 1.168 8.832 

J8 15.915 0.183 12.085 -2.085 

J8T2 16.882 0.120 11.118 -1.118 

J8T3 22.842 0.126 5.158 4.842 

J12 19.235 0.547 8.765 1.235 

J12T2 20.124 0.649 7.877 2.124 

J12T3 22.512 0.120 5.488 4.512 

J19 18.283 0.323 9.717 0.283 

J19T2 20.110 0.793 7.890 2.110 

J19T3 21.353 0.125 6.647 3.353 

J20 22.125 1.099 5.875 4.125 

J20T1 23.512 0.813 4.488 5.512 

J20T2 26.228 0.520 1.772 8.228 

J21 19.235 0.813 8.765 1.235 

J21T2 21.230 0.649 6.770 3.230 

J21T3 25.310 0.120 2.690 7.310 

J24 18.750 0.323 9.250 0.750 

J24T2 20.130 0.793 7.870 2.130 

J24T3 22.513 0.125 5.487 4.513 

K2 25.717 1.099 2.283 7.717 

K2T2 26.284 0.813 1.716 8.284 

K2T3 27.100 0.520 0.900 9.100 

K7 20.233 0.558 7.767 2.233 

K7T2 21.523 0.123 6.477 3.523 

K7T3 24.513 0.662 3.487 6.513 

K13 22.150 0.678 5.850 4.150 

K13T2 23.180 0.573 4.820 5.180 

K13T3 26.538 0.249 1.462 8.538 

K22 20.522 0.120 7.478 2.522 

K22T2 22.153 0.233 5.847 4.153 

K22T3 21.120 0.683 6.880 3.120 
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Figure 1B. Images of the Hanging Drop created during surface tension measurements for some of the clones. For the others, a video was taken 

 

 

 

 



 APPENDIX C 

 

 

 

Figure 1C. Pictures of experimental tensiometer measurement procedures. A)  Graphical view of the three different types of crude-supernant concentration b) Visual image of 

initial emulsion formation. Small oil droplets are observed. C) Crude mixture used to create emulsions d) Supernants recovered for all the clones e) Picture of the drop formed 

in the hanging –drop method for one of the measurements.
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